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ABSTRACT

The site structure beneath the five broadband stations of the Regional Seismic
Test Network (RSTN) has been determined utilizing teleseismic P-waveforms. Our
teleseismic waveform modeling technique involves inverting the radial component of
stacked source-equalized receiver functions in the time domain to estimate the vertical
shear velocity structure at the site. The receiver functions at RSNY (Adirondacks, NY),
RSON (Red Lake, Ontario), and RSNT (Yellowknife, Northwest Territory) are quite
simple compared to previously published RSCP (Cumberland Plateau, TN) data, largely
due to the absence of sedimentary surface rocks at these sites. At RSNY, a high-velocity
layer at mid-crustal depths (18- 26 km) in our SE back azimuth results correlates in depth
with a zone of high-amplitude reflections found on COCORP profiles 60 km south of
RSNY. A gradational crust-mantle boundary is observed at RSCP and RSNY. The
RSON and RSNT sites are characterized by simple crusts with fairly abrupt crust-mantle
boundaries. The crust beneath RSON appears to have a clear division between the upper
and lower crust at about 18 km depth while this boundary is not well-developed at RSNT,
Pronounced azimuthal variations in crustal structure at RSSD (Black Hills, SD) prohibit
the determination of velocity using a layered earth model. The crustal thicknesses at
each of these sites are: RSCP, 40-50 km; RSSD, 47-50 km; RSNY, 45-50 km; RSNT, 38

km; RSON, 42 km.
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INTRODUCTION

The purpose of this paper is to summarize the final results of our study of the local crustal struc-
ture beneath the stations of the Regional Seismic Test Network (RSTN). The RSTN was established as
part of the Department of Energy’s Test Ban Treaty Verification Program as a proto-type of a network
which could be installed in the Soviet Union to monitor a Comprehensive Test Ban Treaty. Thus, the loca-
tions and separations of RSTN stations (Figure 1; Table 1) were chosen to simulate geological conditions
that could be encountered in the Soviet Union. As part of the LLNL's research program to evaluate the
characteristics and. performance of the RSTN, this study was undertaken to determine the site structure

beneath-all five stations of the network.

This paper summarizes the geologic and geophysical setting of each of the five borehole seismometer
systems that comprise the RSTN. The teleseismic waveform modeling technique we have used has
resulted in detailed velocity-depth profiles at each of the RSTN sites. Complete interpretations of these
profiles are the subject of several other papers (Owens ef al., 1984; Owens and Zandt, 1985; Zandt and
Owens, 1986; Owens, 1986). However, increased usage of RSTN data necessitates a complete summary of
available information on the RSTN sites and this report is intended to provide this information. Following
a brief description of our analysis techniques, we will discuss the site structures beneath RSTN stations. In
addition, we provide in Appendix I a complete listing of our velocity-depth profiles for each site so that

other RSTN data users may utilize them as needed.

BROADBAND TELESEISMIC WAVEFORM ANALYSIS

Teleseismic body waveforms have often been used to infer crustal structure beneath isolated
seismic stations (see for a review, Owens, 1984 or Owens et al., 1984). Recently, we imve refined and
extended these techniques to take advantage of the new digital broadband seismograph stations in order to
examine the detailed crustal and upper mantle structure beneath these stations (Owens, 1984; Owens et al.,

1984). We analyze teleseismic events recorded on the broad midperiod passband of the RSTN. This
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passband has a flat velocity response between 0.018 and 1.2 Hz. This broad bandwidth is an important aid

to the resolution of our techniques (Owens et al., 1984; Owens and Zandt, 1985).

To utilize teleseismic P-waveforms, we must isolate the response of the crust and upper mantle
velocity structure, the receiver function, from the soun:e. and path effects which also influence the recorded
seismogram. Because we are primarily interested in converted waves of the P-to-S type (Figure 2), the
horizontal components of the receiver function are isolated using a deconvolution procedure suggested by
Langston (1979) and examined in detail by Owens er al. (1983a). In this process, original horizontal
seismograms are rotated into radial and tangential components and source effects are removed by decon-
volving the vertical component from them. This approach assumes that the vertical component contains
primarily the unwanted source and path effects, an assumption that can be justified (Owens et al., 1983a).
The deconvolved seismograms are then convolved with a simple Gaussian time function to produce smooth
estimates of the horizontal receiver functions. We then gather many receiver function estimates from
events clustered in both distance and back azimuth from a station and stack them to provide a single good
quality estimate for each of the horizontal components.

Modeling the detailed receiver functions obtained from broadband data required the development
of a time-domain inversion routine. Initially, a frequency-domain approach using Thomson-Haskell propa-
gator matrices was used, but proved to be too time-consuming for detailed calculations (Taylor and Owens,
1984). We assume a horizontally layered model and invert the radial receiver function for the vertical
shear velocity structure at each back azimuth. The compressional velocities are obtained by assuming a
Poisson’s ratio of 0.25 and densities are adjusted using the equation p=0.32Vp+0.77 for layers below shal-
low sedimentary layers. The variation in these structures with azimuth allows us to examine gross lateral
variations in structure around the station. This technique has provided strong evidence for tectonically
significant velocities variations beneath two RSTN stations (Owens, 1986; Owens et al., 1984). Details of
the inversion process will not be discussed here and interested readers are referred to Owens (1984),

Owens et al. (1984), and Taylor and Owens (1984).
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RSTN RECEIVER STRUCTURES

In this section we will discuss the crustal structures derived using our technique at the five RSTN
stations. Because of strong lateral variations in structure in the Black Hills, detailed crustal models were
not obtained for RSSD. Compared to RSCP, the three stations at RSNY, RSNT, and RSON have much
simpler responses (Figure 3). largely due to their locations on the crystalline rock of the Canadian Shield
and Adirondack Mountains (Figure 1), whereas RSCP is locateq in Pz;leozoic sedimentary rocks of the
Cumberland Plateau. At RSNT, the lack of a sedimentary cover is combined_with a remarkably simple
crust to produce especially simple receiver functions. The high- velocity contrast commonly present at the
contact between sedimentary and crystalline rocks can cause large amplitude phase conversions that arrive
within 2 to 3 seconds of the direct P-waves. These phases are clearly visible in the RSCP receiver func-
tions (Figure 3) but since the sedimentary layers are relatively flat-lying, their existence beneath RSCP did
not hinder our ability to resolve deeper structure. However, receiver functions at RSSD indicate that
severe complications can arise at stations where the sedimentary layering is not horizontal. In the follow-
ing, we review the results for each of the five RSTN stations. Additionally, we present stratigraphic
columns and .geophysical well-logs of the seismometer hole when available (cf. Taylor and Qualheim,

1983). Appendix I contains tables of the velocity models of all results discussed in this report.

RSCP

The station RSCP is located on the Cumberland Plateau near McMinnville in central Tennessee.
The Cumberland Plateau is characterized by relatively undeformed, nearly horizontal sedimentary rocks of
Carboniferous age (Figure 4). The sedimentary sequences form part of the Pennsylvanian cyclothem and
are composed of relatively thip-bedded limestones, sandstones, shales, and coal seams that dip gently to the
cast away from the westward-laying Nashville Dome. The Paleozoic sequence in the vicinity of RSCP is

thought to be approximately 3 km thick and rests upon Precambrian Grenville rocks.



Owens et al. RSTN Crustal Structures 5

Major structures in the vicinity of the Cumberland Plateau include the Mississippi Embayment and
Nashville Dome to the west, the Valley and Ridge marginal fold-and-thrust belt located about 70 km to the
east, and the East-Cbminent Gravity High just to the north, The Valley and Ridge province forms the
western limit of the southern Appalachian orogenic belt and is characterized by flexure folding and west-
directed, thin-skinned thrusting involving early and mid-Paleozoic sediments (cf. Hatcher, 1978). Recent
COCORP results indicate that much of the southern Appalachian orogenic belt is allochthonous and under- '
lain by a basal decollement that extends from the Valley and Ridge as far east as the eastemn Piedmont
(Cook er al., 1979). The East-Continent Gravity High extends to the northeast from the RSCP station
vicinity and coincides with a zone of high-amplitude magnetic anomalies. Keller e gl. (1982) suggest that
the geophysical anomaly represents a Precambrian (Keweenawan) rift zone.

The refraction study of Borcherdt and Roller (1966) involved the collection of two crossed,
reversed refraction profiles, each of about 400 km length in the vicinity of the Cumberland Plateau Obser-
vatory (CPO), Tennessee (the current site of RSCP). The velocity models were derived using homogene-
ous dipping layers to match travel times from first arrivals. The absence of clear secondary arrivals was
noted (especially in contrast to the western United States) suggesting gradational velocity discontinuities.
To the northeast, approximately 20 km from CPO, a well-defined increase of velocities between depths of
about 10 - 20 km was inferred.

Prodehl et al., (1984) reinterpreted refraction lines of Borcherdt and Roller (1966) beneath the
Cumberland Plateau using stacking techniques to enhance the record sections and ray-tracing to match both
primary and secondary arrivals. Upper crustal velocities of 6.1-6.2 km/s were found overlying a 6.7-6.8
km/s lower crust. A gradational boundary was postulated to separate the two layers between 7-10 km
depth. From the lack of a clear PmP phase, a thick, gradational Moho was inferred to exist between 34-47
km depth where velocities increased from 6.7 to 8.0 km/s. To the northeast of CPO, velocities in the upper
20 km were slightly greater than those beneath CPO, but a high-velocity anomaly of the sort observed by

our studies described below was not observed.

’



Owens ct al. RSTN Crustal Structures 6

The RSCP borchole was drilled in July, 1978 and became operational shortly thereafter. Figure 5
shows a geologic description of the hole derived from <_:utting samples. No geophysical logs or corc sam-
ples were taken, The top 220 ft (67 m) of the hole consist of fine to medium grained sandstone and thin
coal seams. The bottom portion, from 220 to 400 ft (67 - 122 m) consists of interbedded shale, mudstone,

and microcrystalline limestone. The seismometer hole lock is located at 328 ft (100 m).

RSCP was the first RSTN station analyzed in this study. Because the results were published in
Owens et al. (1984) we will only briefly review them here. Analysis of receiver functions at RSCP
revealed significant rapid later':al variations in midcrustal structure that have important tectonic implications
(Owens et al., 1984). In addition the results showed variations in crustal and crust-mantle boundary struc-
ture quite consistent with results from seismic refraction data in the area (Prodehl e al., 1984; Zandt and
Owens, 1986). Radial receiver function inversions for the SE and NE back azimuths were of excellent
quality (Figure 6). In this figure, and all other receiver function plots in this paper, the upper trace in each
frame compares the derived synthetic response with the observed stacked mean radial receiver function
while the lower frame plots the same synthetic along with two bounding receiver functions calculated by
adding and subtracting one standard deviation from the mean at each time point. These bounds are quite
useful indicators of the quality of the arrivals in the reciever function. At RSCP, the inversions at different
back azimuths produced very different velocity-depth curves in the mid-crustal region (Figure 7). Owens
et al., (1984) concluded that these variations were the result of RSCP’s location near the southern terminus
of the East Continent Gravity High (Keller et al., 1982). Their schematic of the tectonic environment is
also consistent with other geophysical data in the region (Figure 8). Other interesting aspects of the RSCP
results include the significant effects shallow structure has on mid-period data, as mentioned above, and the
detailed structure of the crust-mantle boundary suggested by the receiver function inversions. This struc-

ture has been compared to other RSTN sites by Owens and Zandt (1985) and will be further discussed

below.
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RSSD

The Black Hills form an elongate domal uplift exposing a core of Precambrian metamorphic and
igncous rocks (Figure 9). The Precambrian rocks in the Black Hills give age dates of about 1.7 b.y. and are
thought to correlate with those of the Churchill province. Some exposures of Archean granite on the
northeastern edge of the range (Little Elk Granite, 2.5 b.y.) are thought to represent part of the basement
upon which early Proterozoic sediments were deposited. The range is flanked by Paleozoic to Cretaceous
sedimentary rocks ranging in composition from carbonates in the Paleozoic section to shales and sand-
stones in the uppermost Paleozoic to Cretaceous section. Tertiary igneous rocks (39-59 m.y.) and laccol-
iths are found in the northern portions of the Black Hill

In cross-section, the Black Hills are ﬁsymmetrical and sedimentary units on the east flank generally
dip off more steeply than those on the west flank. Because of this shallow dip on the west, the Limestone
plateau is extensive to the west of the Precambrian core. In the vicinity of the RSSD station site, the lime-
stone section is probably only a few hundred meters thick and the seismometer is probably very close to
Precambrian basement. Very little crustal velocity information is available for the Black Hills region. Two
seismic profiles in North Dakota and eastern Wyoming suggest the presence of a thick crust approximately
45 km thick vicinity of the Black Hills (Steinhart and Meyer, 1961).

The drill hole for RSSD was completed in June, 1981, and the station became operational the fol-
lowing August. Figure 10 shows the geologic description of the drill hole and the caliper and density logs.
The hole is drilled in Mississippian limestones which are highly variable with zones of numerous voids of
soft limestone. These appear to be finely bedded with interlayered zones of sand or clay and also contain
clay or sand filled voids and drills very easily. The Pahasapa Limestone extends to 350 ft (107 m) and is
underlain by the Englewood Limestone which is distinquished by its bright red color and its hardness.

No velocity information is available for the RSSD borehole and the caliper log shows large varia-

tions due to the numerous voids. The density in the borehole is also highly variable with values ranging

from 22 - 2.6 g/em®, Coring was attempted at depths between 315 - 335 ft (96 - 102 m) with
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approximately one ft recovery. The seismometer hole lock is placed at 360 ft (110 m).

Preliminary results at RSSD revealed extreme variations in the receiver functions with back
azimuth (Figure 11; Owens et al., 1983b). We attributed these variations to rapid changes in the thickness
and dip of sedimentary layers beneath RSSD. The effect on our analysis was to prevent detailed study of
the deep crustal structure beneath the site. The dipping low velocity wedge creates a strong azimuthal vari-
ation in receiver functions at the station. The tangential component of motion is also large, with observed
amplitudes approaching and, for some events, exceeding the amplitude of the radial component. The
tangential receiver function from the north and southeast are nearly identical in the first few seconds except
for a change in polarity (Figure 12) which is consistent with the generation of the tangential motion by a
westward-dipping layer (Langston, 1977), as is the case at RSSD.

The complicated shallow structure as indicated by the large tangential components and markedly
different radial receiver functions as a function of azimuth precludes an inversion for structure using a lay-
ered velocity model. However, we were able to obtain a first order estimate of the crustal thickness at
RSSD from possible Ps conversions identified from the southeast and southwest directions (Figure 11).
The arrival time of the Ps phase is 5.9 + 0.3 seconds after the direct P wave. From this observation, we
infer a crustal thickness of approximately 47 - 50 km beneath RSSD. The variation in Ps ﬁvﬂ time with
azimuth probably indicates some structure on the Moho beneath the Black Hills, but the complex surface

structure has prevented us from making a more detailed analysis at this time.

RSNY

The Precambrian ( ~ 1.1 Ga) Grenville Province, exposed in eastern Canada and the Adirondacks,
extends southward in the subsurface to the west of the Appalachian mountain belt. The rocks of the Gren-
ville Province are largely remobilized older basement of Superior or Hudsonian age and consist mainly of
thick sequences of high-grade metasediments extensively intruded by granitic and anorthositic rocks. The

Adirondack Mountains consist of a core of Precambrian Grenville rocks surrounded by gently dipping
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Palcozoic formations (Upper Cambria). Four major intersecting fold sets have been mapped in the Adiron-
dacks giving the region a complex fold-interference pattern (McLelland and Isachsen, 1980). It has been
postulated that the Adirondacks and associated Grenville basement represent deeper levels of an ancient
"Tibetan Plateau’ characterized by crustal thickening and shortening behind a continental collision zone
(McLelland and Isachsen, 1980).

- In New York state, the Grenville crust appears to be uniform, about 36 km thick, with velocitics
ranging from 6.4 to 6.6 km/s (Katz, 1955; Taylor et al., 1980). The velocity models of Katz (1955) were
determined from refraction lines extending from quarries in the central Adirondacks. The travel time
profiles were very straight indicating a uniform, unlayered crust, having average velocities of about 6.4
km/s. The velocity of the Marcy anorthosite body was 6.6 km/s and the average crustal thickness was
determined to be 35 km with upper mantle velocities of 8.1 km/s. Taylor er al. (1980) also noted the
apparent homogeneity of the Adirondack crust, especially in comparison with regional travel times in the
New England Appalachians. They estimated the crust to be approximately 37 km thick with an average
velocity of 6.6 km/s, overlying an upper mantle with Vp = 8.1 km/s.

Two investigations of crustal structure have been made in the Grenville Province in the northern
Appalachians. Jordan and Frazer (1975) studied the Sp (S to P conversions from two deep-focus South
American earthquakes recorded at a number of long-period Canadian stations. Using forward modeling,
the crustal thickness was estimated to be 35 km with surprisingly low shear velocities (Vs = 3.4 km/s) in
the lower crust. By comparing their estimated Vs with P-velocities from nearby refraction models a very
high Poisson’s ratio of 0.33 was calculated. Comparison with expected values of Poisson’s ratio and Vs for
rocks at 10 kbar suggested that hydrated ultramafic rocks (serpentinized peridotite) may exist in the lower
crust of the Grenville Province. Recent seismic reflection profiling by COCORP has shown that
significant local variations in structure exist in the Adirondack region (Klemperer et al., 1985). Of partic-
ular interest is the set of layered reflcctors at depths of about 18-26 km depth, and the lack of Moho

reflections.
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The borehole for RSNY was drilled in August, 1981, and the sitc became operational the following
October. Figure 14 shows a geologic description of the drill hole and the sonic and density logs. To con-
vert from travel time to velocity in Figure 14 and subsequent borehole figures, use the relation v(ft/s) =
10%dt. ‘The hole is drilled through glacial deposits to a depth of 76 ft (25 m) and a dark green syenitic
gneiss from 76 ft to a total depth of 385 ft (117 m). The density and compressional velocity of the syenitic
gneiss is approximately 2.68 g/cm?® and 5.75 i:m,’ , respectively. A core sample taken from 315-335 ft (96-
102 m) shows only minor fracturing. The seismometer package was placed between 315-340 ft (96-104 m)
and the hole lock placed at 327 ft (100 m). Recent work has indicated that the seismometer package at
RSNY is likely rotated appmkimately 15° counterclockwise (K. Nakanishi, personal communications,
1986) which accounts for observed deviations in back azimuth estimates using the RSNY data.

We analyzed teleseismic P-waveforms from four distinct back azimuths around RSNY (Figure
13). Data coverage was quite good for the northwest (NW) and south-southeast (SE) directions, while it
was less extensive, but adequate, to the southwest (SW) and northeast (NE). Detailed interpretation of the
inversion results at RSNY is undertaken by Owens (1986) and is only summarized here. Inversion of the
radial receiver functions produced good results at all back azimuths except the NE, where the lack of clear
arrivals made the inversion too dependent on the starting model. We can conclude from this that the crust
and upper mantle NE of RSNY contains no velocity contrasts of sufficient magnitude to generate large con-
verted phases.

The inversion of the SE receiver function converged to a model whose response is an excellent fit
to the observed data (Figure 15). The main features of the shear velocity model are first, upper crustal
velocities (above 18 km depth) that are quite similar to those expected based on regional travel-time stu-
dies. Underlying this is a region of high shear velocities between 18 and 26 km depth that are anomalous
relative to regional models. The well-constrained phases 2 to 4 and 10 to 15 seconds after the dircct P-
wave are generated by this prominent high velocity zone. Below 26 km depth, the velocities are low (<3.7

km/s) until 42 km, then they increase gradually. This is much different from previous studies, which
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indicate that a sharp crust-mantle boundary should exist at about 35 km depth. In actuality, the travel time
studics of Katz (1955) and Taylor et al. (1980) used simple 2 - 3 layer parameterizations to model obscr-
vations and no attempt was made to model a gradational crust-mantle boundary although it could not be
pmlu@ from the data. |

Inversions of SW and NW receiver functions also produced good fits to the observations, although
the resulting models are somewhat different than our SE results (Figure 16). Southwest of the site there are
slight complications due to shallow structure, but below 5 km the model is similar to the SE in that a broad
high velocity zone exists (although it is not as prominant) and is underlain by a low velocity zone and a
thick crust-mantle transition zone. Northwest of the site, no high velocity zone is present and the structure
of the crust-mantle boundary is different from the other azimuths, although upper mantle velocities are still
not apparent until about 50 km depth.

The results described above bear some interesting similarities with other data in the Adirondacks,
but also raise important questions. Recall, our SE results show a well-developed high-velocity zone betw
18 and 26 km depth. This zone is poorly-developed SW of RSNY, nearly absent NW of the station and
does not generate any converted phase energy in.t.he NE receiver function. As stated, this zone is not seen
in results from regional travel-time studies. However, COCORP lines 7 and 11 (southeast of RSNY) indi-
cates a highly-reflective zone, termed the Tahawus complex by Klemperer et al. (1985), also at 18 to 26
km depth, while COCORP line 10 (west of RSNY) shows no evidence for this zone. The implications and
interpretation of our high velocity zone and Tahawus complex are obviously important to understanding
the Adirondacks. In addition, there is an apparent correlation between these features, the low shear vloci-
ties in the lower crust and a large high electrical conductivity anomaly in the Adirondacks (Connerney
et al., 1980). The point we wish to emphasize here is that the Tahawus complex appears to be character-
ized by high velocity and is a feature of limited lateral extent, although its boundaries are not yet accurately
defined. Such a feature would not appear in crustal models based on regional travel-time data. The

regional crustal models of Katz (1955) and Taylor et al. (1980) available ncar RSNY adequately predict
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the overall average velocities of the crust found in our studies. However, broadband RSTN data is sensi-
tive to variations in local structure on a scale that regional studies cannot resolve. Thus, site specific
methods such as teleseismic waveform modeling are important to accurately determine variations in struc-
ture very near the site.

A major difference between the regional models and our models is the estimated crustal thickness.
At all azimuths, our results suggest that upper mantle velocities with Vs > 4.5 km/sec do not occur until at
least 50 km beneath RSNY. Regional models suggest the Moho should be at depths less than 40 km. Our
results indicate that the transition from crustal to upper mantle velocities begins by 40 km depth, but is

much more gradual.

RSON

Station RSON is located in the Precambrian Superior province of western Ontario (Figure 1, 17;
Taylor and Qualheim, 1983). Rocks in the station region typically give Archean ages between 2.7 and 3.1
b.y. The regional geology is characterized by a number of east-west trending bands of alternating green-
stone belts (the Keewatin sequence) with intervening granitic masses. Station RSON is situated just north
of the metasedimentary-gneiss terrain of the English River belt which lies between the Uchi volcanic belt
to the north and the Wabigoon belt to the south. Geochemical analysis of the Keewatin volcanics indicate
that they are of predominantly calc-alkaline affinity (Wilson et al., 1965). This fact combined with addi-
tional structural and petrologic considerations suggest that Archean volcanic belts were once a series of
island arcs separating thin crustal segments composed of sialic material.

A detailed deep seismic sounding experiment made in the vicinity of RSON suggests the presence
of a two-layer crust with an average crustal thickness of approximately 35 km (Hall and Hajnal, 1969). A
crustal section drawn through Red Lake shows an east-west trending upwarp in the Moho from a depth of
about 39 km north of RSON to about 32 km to the south. A corresponding downwarp in the intcrmediate

discontinuity was also found which is centered over the English River gneissic belt described previously.
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To the northwest of Red Lake, a detailed study of the Superior-Churchill boundary zone indicates a 41 km
thick crust in the western Superior province that thickens to 46 km in the Churchill province (Green et al. ,
1980). Also, the Churchill province appears to be characterized by a relatively high velocity lower layer (~

7 km/s) that is absent in the Superior province. Pn velocities in the region appear to lie between 7.9-8.0

km/s,

The drill hole for RSON was completed in September, 1981, and the station began operation in
December, 1982. Figure 18 shows the geologic description of the drill hole and the sonic and density logs.
The hole consists of glacial deposits to a depth of 46 ft (14 m) and interlayered granite and granodiorite to a
total depth of 385 ft (117 m). Core samples were obtained between 320-347 ft (98-106 m) that exhibited
only minor fracturing. Beneath the surficial sedimentary layer, the densities range from 2.7 - 2.8 g/cm?® and
the compressional velocity is approximately 5.86 km/s. The seismometer hole lock is placed at 337 ft (103
m).

We obtained teleseismic receiver functions at RSON for 49 events. Most of these events were NW
(20 events) and SE (16 events) of the site with several from the NE and very few from the SW. For this
reason, we were not able to invert the SW receiver functions and we do not have good confidence in our
NE results.

Our best results were obtained for the NW direction (Figure 19). The starting model from Taylor
and Qualheim (1983) is based on nearby refraction models which indicate a simple 3-layer crust. Our
results for the NW azimuth confirm that the crust is fairly simple. We find a mid-crustal discontinuity at a
slightly shallower depth (18 km) than the refraction model. It is not as large a velocity jump as the initial
model, but it clearly separates upper crustal (Vs < 3.7 km/s) from lower crustal (Vs > 3.9 km/s) velocities.
On either side of this interface, the derived velocities vary but do not deviate significantly from the initial
model. Our estimated crustal thickness is 42 km, slightly larger than the refraction model. The crust-

mantle transition zone is only 2-4 km thick, which is quite different from the RSNY and RSCP results.
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The RSON NW results are similar to our NE and SE results with only minor complications.
Southeast results indicate that the increase from upper to lower crustal velocities occurs more gradually. In
fact, between the surface and 36 km depth the velocity increases nearly continuously. The crust-mantle
transition is very similar to NW results grading to upper mantle velocities over about 6 km depth with an
estimated crustal thickness of 44 km. Although we do not have high confidence in our NE inve.rsipl-l results
due to the lack of high quality events available for this analysis, inversion of the receiver ft;xicﬁons pro-

duced results that do correlate with our other azimuths.

RSNT

Station RSNT is located at the southern edge of the Archean Slave province in the northwestern
part of the Canadian Shield (Figure 20; Taylor and Qualheim, 1983). Age dates in the region give values
of approximately 2.5 billion years. The Slave province consists of a number of northerly-trending, discon-
tinuous greenstone belts (the Yellowknife Supergroup) separating large granitic regions. In contrast to the
Superior province, the volume of sedimentary rocks in the Slave province greatly exceeds that of the vol-
canic rocks. Similar to other Archean terrains, the sedimentary sections are mainly composed of
graywacke-mudstone turbidite sequences or their metamorphic equivalents. Other sediments typical of
stable miogeoclinal regions are rare suggesting that Archean continental crust was too thin and mobile to
allow the formation of a stable margin. The volcanics are of a composition analogous to that of the Supe-
rior province and a similar tectonic evolution consisting of island arcs and thin, highly mobile continental
fragments is implied.

Two major seismic refraction-reflection studies have been made in the vicinity of YKA (Barr,
1971; Clee et al., 1974; Berry and Mair, 1977) These studies show some fairly strong lateral velocity vari-
ations in the upper crust just to the south of the array. A thin upper crustal low-velocity layer occurs in the
granitic rocks beneath the array and is truncated just to the south beneath of the Yellowknife Greenstone

Belt. There is litle evidence for a mid-crustal transition zone, and relatively low velocitics of 6.2-6.4 km/s
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are observed to the base of the crust. The Moho appears to be a complex transition zone and the crustal
thickness is about 32 km which is relatively thin for a shield region. However, the crust does appear to
thicken to 36 km beneath the east arm of Great Slave Lake which has been interpreted to be the site of a
Proterozoic alacogen. The Pn velocity in the Slave province is about 8.1 km/s and increases to 8.23 km/s -
just to the west of the Precambrian margin that lies west of YKA.

The RSNT borehole was drilled in February of 1982 and the station became operational shortly
thereafter. Figure 21 shows a stratigraphic column along with caliper, velocity, and density geophysical
logs. The hole consists of 4.5 ft (1.4 m) of glacial deposits underlain by granite and granodiorite to a depth
of 389 ft (119 m). Core samples were obtained between 315 - 342 ft (96 - 104 m). The core samples and
geophysical logs show numerous fractures between 315 - 332 ft (96 - 101 m) and a less fractured zone
below this. Therefore the seismometer hole lock was placed at 340 ft (104 m). From 0 to 80 m the densi-
tites are approximately 2.45 g/cm® and 2.58 g/cm? below this. Compressional velocities in the borehole are
approximately 5.2 km}s. '

Because station RSNT is located far north and west of the other RSTN stations it requires that
somewhat different teleseismic source regions be used in our analysis. As a result, we have been able to
develop receiver functions at three different distance ranges NW of RSNT, but could not obtain sufficient

events NE and SW of the site. In addition, we have enough events to invert SE and due north of the site.

The receiver functions for RSNT are all quite simple, the most simple of any RSTN site (see Figure

3). The only well-constrained phases present can be associated with the crust-mantle boundary. Initial for-

ward modeling quickly determined that a crustal thickness of 32 km was too small to match the observed

receiver functions without unrealistically low crustal velocities. Therefore, we modified the starting model
for the inversions so the Moho was at 36 km depth.

Inversion of NW receiver functions were donc for three different stacking suites: distances from

48 to 55°, 61-71°, and 75-90°. The results for the closest distance range are shown in Figure 22. The con-

strained phases are matched well by the final model, which reflects the simplicity of the data in its nearly
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homogencous crustal column. The crust-mantle transition is fairly sharp, spanning a depth range of 34 to
38 km. The average crustal shear velocities are low, but this is in agreement with low P-velocities inferred
from the refraction profiles.

The upper crustal models derived by inverting the other two distance 'm;ges-NW of RSNT vary
only slightly from the model presented here. However, the lowermost crust and crust-mantle transition
undergo more significant changes. At the intermediate range, the velocity of the lower crust begins to
increase as shallow as 30 km depth so that a much thicker crust-mantle transition is apparent. This transi-
tion extends to 38 km depth. Inversion of mean receiver function from distant events also yields a thick
crust-mantle transition extending from 30 to 42 km depth. Despite these differences, all three distant
ranges NW of the site indicate that upper mantle veloc.ities (Vs > 4.5 km/s) do not occur until depths of 38

to 42 km, although the transition from the crust to the mantle could begin at depths as shallow as 30 km.

DISCUSSION

A brief comparison of the results of our modeling of teleseismic P-waveforms at RSTN sites pro-
vides an enlightening view of the capabilities and limitations of the technique. Application of the tech-
nique to the RSTN has allowed testing of its performance in a variety of conditions. Our most important
observation is that, at sites where other seismic constraints exist, the structures inferred by teleseismic
waveform modeling for the crust itself are in good agreement with the other studies. RSCP, although not
discussed here, is the best example. Zandt and Owens (1986) found an excellent agresment between
teleseismic waveform modeling results and those of refraction lines run directly over the site. At RSNY,
we have inferred that our results appear to agree with two different types of seismic data. The average
velocities seem to agree with regional travel-time studies, while aspects of the variation in detailed struc-
ture bears some similarities to that inferred by COCORP deep reflection profiles (Owens, 1986).

However, the close comelation of telescismic waveform modeling to other seismic results does

not extend so nicely to the structure of the crust-mantle boundary. In every case except RSCP, the
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estimates of crustal thickness, defined here as the depth at which the shear velocities exceed 4.5 km/s, are
greater using teleseismic waveform modeling than using travel-times of refracted seismic energy. An
interesting aspect of this comparison is that the crustal thickness found by refraction techniques often

carrelates with the top of a crust-mantle transition zone in the receiver function inversion results,

Owens and Zandt (1985) examined the frequency-dependent behavior of converted phases from
the crust-mantle boundary beneath three RSTN sites and found some interesting similarities between the
transition zone models and realistic geologic models of the Moho. Among these similarities is that crust-
mantle transition zones appear to be composed largely of material with velocities corresponding to mafic
lower crustal rocks, while the actual change to vélocities in the upper mantle range occurs rather abruptly
(over about 3 km in depth) at the base of this zone. This implies that these transition zones should actually

be included in estimates of the overall crustal thickness in regions where they exist.

The apparent correlation of the top of crust-mantle transitions with estimates of crustal thickness
from simple refraction travel-time analysis using only first arrival information suggests that there may be
limitations to the resolution of these data in regions where such transition zones exist. On the other band,
the teleseismic waveform analysis results should also be scrutinized since they require the assumption of
horizontal homogeneous layers, which is clearly questionable within crust-mantle transition zones. The
RSCP example illustrates that refraction and teleseismic methods can derive nearly identical results for the
crust-mantle transition (Zandt and Owens, 1986). Since this is the only direct comparison in a region of
overlapping data coverage currently available, some of the variations at other sites may be real differences
in the structure between the location where each data set was obtained. However, the apparent overestima-
tion of crustal thickness by teleseismic waveform analysis relative to the thickness found by refraction

analysis should be more completely studied because of the importance placed on seismically-determined

crustal thickness in tectonic problems.
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CONCLUSIONS

The crust and upper-mantle velocity structure beneath five broadband seismic stations of the RSTN
has been estimated from inversion of stacked teleseismic receiver functions. In regions characterized by
relatively simple geologic structure, detailed velocity models can be obtained that generally show good
cormrespondence with nearby high resolution refraction and reflection data. Lateral variations in structure
around a site can be studied by inverting waveforms from various azimuths and from observations of
tangential receiver functions.

With the exception of RSSD (in the Black Hills, SD), the RSTN sites are characterized by relatively
simple structure. This result is not unexpected due to their location in Precambrian ;hield regions. Station
RSCP (Cumberland Plateau, TN) exhibits the most complex structure which is due to the presense of late
Paleozoic sedimentary sequences and the southern termination of a Precambrian rift system just to the
northeast. A gradational crust-mantle boundary is observed beneath RSCP and the derived velocity struc-
ture shows an impressive correlation with a detailed interpretation of reversed refraction lines. A grada-
tional Moho is also observed beneath the RSNY station in the Adirondacks and a2 high-velocity region in
the mid-crust correlates well with a set of high-amplitude reflectors obtained from nearby COCORP lines.
The crust beneath RSON and RSNT are relatively simple as evidenced by the uncomplicated receiver func-
tions. In both regions, the crust-mantle boundary is abrupt and RSNT is characterized by a remarkably
simple crustal structure. The crustal thicknesses at each of these sites are: RSCP, 40-50 km; RSSD, 47-50

km; RSNY, 45-50 kan; RSNT, 38 km; RSON, 42 km.
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STATION LATITUDE (N°) LONGITUDE (W ©)

RSON
RSNT
RSCP
RSSD

RSNY

TABLE 1

RSTN STATION LOCATIONS

50.859
62.480
35.600
44.120

44.548

93.702
114.592
85569
104.036

74.530
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The following 11 tables are the inversion results for all RSTN stations
t RSSD. The back azimuth for each table indicates the direction from the
station to the events which formed the stacking suite for that case.

Table 1 - RSCP SE Back Azimuth

Layer P-VYelocity S-Velocity Density Depth Layer
(km/s) (km/s) (gg/cm3) to top (km) Thickness (km)

1 3.77 2.18 2.50 0.0 1.7 )
2 €.29 3.64 2.78 1.7 2.5

3 6.12 3.54 2.72 4.2 2.5

4 6.36 3.68 2.80 6.7 2.5

5 6.45 3.73 2.83 9.2 2.5

6 6.40 3.70 2.81 11.7 3.0

7 6.47 3.74 2.84 14.7 2.5

8 6.87 3.97 2.96 17.2 2.5

9 6.85 3.96 2.96 19.7 2.5

10 6.85 3.96 2.96 22.2 2.5

11 6.65 3.85 2.90 24.7 2.5

12 6.85 3.96 2.96 27.2 2.5

13 7.01 4.06 3.01 29.7 2.5

14 6.59 3.81 2.88 32.2 2.5

15 6.56 3.80 2.87 34.7 2.5

16 6.82 3.95 2.95 37.2 2.5

17 7.18 4.15 3.07 39.7 1.5

18 7.33 4.24 3.1 42.2 1.5

19 7.28 4.21 3.10 43.7 1.5
20 7.26 4.20 3.09 45.2 1.5
21 7.73 4.47 3.24 46.7 1.5
22 7.81 4.52 3.27 48.2 1.5
23 7.61 4.40 3.20 49.7 1.5
24 8.00 4.62 3.33 51.2 1.5
25 8.01 4.63 3.33 52.7 2.5
26 8.55 4,94 3.50 55.2 2.5
27 8.36 4.84 3.44 57.7 2.5
28 8.15 4.7 3.38 60.2 -
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Layer P-Velocity S-Velocity Density Depth Layer
(km/s) (km/s) jgm/cm3) to top (km)  Thickness (km)
1 3.69 2.14 2.70 0.0 1.7
2 5.92 3.42 2.66 1.7 2.5
3 5.86 3.39 2.65 4.2 2.5
4 5.85 3.38 2.64 6.7 2.5
5 6.10 3.53 2.72 9.2 2.5
6 6.11 3.53 2.72 1.7 3.0
7 6.92 4.00 2.98 14.7 2.5
8 7.06 4.08 3.03 17.2 2.5
9 7.18 4.15 3.06 19.7 2.5
10 6.64 3.84 2.89 22.2 2.5
n 6.48 3.75 2.84 24.7 2.5
12 6.86 3.97 2.96 27.2 2.5
13 6.81 3.94 2.95 29.7 2.5
14 6.90 3.99 2.98 32.2 2.5
15 6.88 3.98 2.97 34.7 2.5
16 7.20 4.16 3.07 37.2 2.5
17 7.43 4.30 3.14 39.7 1.5
18 7.34 4.24 3.12 42.2 1.5
19 7.68 4.44 3.23 43.7 1.5
20 7.30 4.22 3.10 45.2 1.5
21 7.36 4.25 3.12 46.7 1.5
22 7.13 4.12 . 3.05 48.2 1.5
23 7.66 - 4.43 3.22 49.7 1.5
24 7.74 4.48 3.24 51.2 1.5
25 8.01 4.63 3.33 52.7 2.5
26 7.91 4,57 3.30 55.2 2.5
27 8.21 4.75 3.39 57.7 2.5
28 8.15 4.7 3.38 60.2 -
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Layer P-Velocity S-Velocity Density j Depth Layer
(km/s) (km/s) (gg[ﬁma) to top (km) Thickness (km)
1 5.54 3.20 2.54 0.0 1.0
2 6.19 3.58 2.75 1.0 1.0
3 6.34 3.66 2.79 2.0 1.0
4 6.49 3.75 2.84 3.0 1.0
5 6.40 3.70 2.81 4.0 2.0
6 6.76 3.91 2.93 6.0 2.0
7 6.57 3.80 2.87 8.0 2.0
8 6.77 3.92 2.93 10.0 2.0
9 6.49 3.75 2.84 12.0 2.0
10 6.46 3.73 2.84 14.0 2.0
11 6.49 3.75 2.84 16.0 2.0
12 6.99 4.04 3.01 18.0 2.0
13 6.99 4.04 3.01 20.0 2.0
14 7.02 4.06 3.02 22.0 2.0
15 6.60 3.81 2.88 24.0 2.0
16 7.02 4.06 3.02 26.0 2.0
17 6.31 3.65 2.79 28.0 2.0
18 6.31 3.65 2.79 30.0 2.0
19 - 6.37 3.68 2.81 32.0 2.0
20 6.34 3.66 2.80 34.0 2.0
21 6.49 3.75 2.4 36.0 2.0
22 6.30 3.64 2.78 38.0 2.0
23 6.24 3.61 2.76 40.0 2.0
24 6.83 3.95 2.95 42.0 2.0
25 6.86 3.96 2.96 44.0 2.0
26 7.40 4.27 3.13 46.0 2.0
27 7.47 4.32 3.16 48.0 2.0
28 7.86 4.54 3.28 50.0 2.0
29 8.05 4.65 3.34 52.0 2.0
30 8.02 4.63 3.33 54.0 2.0
31 8.20 4.65 3.35 56.0 -
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Layer P-Yelocity S-Velocity Density Depth Layer
(km/s) (km/s) (gm/cm3) to top (km)  Thickness (km)
1 5.38 3.1 2.49 0.0 1.0
2 6.59 3.81 2.88 1.0 1.0
3 6.40 3.70 2.81 2.0 1.0
4 6.45 3.73 2.83 3.0 1.0
5 6.07 3.51 2.7 4.0 2.0
6 6.40 3.70 2.82 6.0 2.0
7 6.31 3.65 2.79 8.0 2.0
8 6.32 3.66 2.80 10.0 2.0
9 6.12 3.54 2.73 12.0 2.0
10 6.76 3.91 2.93 14.0 2.0
11 6.50 3.76 2.85 16.0 2.0
12 6.61 3.82 2.88 18.0 2.0
13 6.94 4.01 2.99 20.0 2.0
14 7.00 4.04 3.01 22.0 2.0
15 6.60 3.81 2.88 24.0 2.0
16 6.68 3.86 2.90 26.0 2.0
17 6.67 3.85 2.90 28.0 2.0
18 6.86 3.96 2.96 30.0 2.0
19 6.95 4.01 2.99 32.0 2.0
20 7.56 4.37 3.19 34.0 2.0
21 7.58 4,38 3.20 36.0 2.0
22 7.56 4.37 3.19 38.0 2.0
23 7.22 4.17 3.08 40.0 2.0
24 7.62 4,40 3.21 42.0 2.0
25 7.82 4.52 3.27 44.0 2.0
26 7.55 4.36 3.18 46.0 2.0
27 7.87 4.55 3.28 48.0 2.0
28 8.23 4,75 3.40 50.0 2.0
29 8.12 4.69 3.36 52.0 2.0
30 8.19 4,73 3.39 54.0 2.0
31 8.20 4.65 3.35 56.0 -
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Layer P-Velocity S-Velocity Density Depth Layer
(km/s) (km/s) ‘*!gg[cm3) to top (km)  Thickness (km)
1 5.30 © 3.06 2.46 0.0 1.0
2 5.91 3.42 2.66 1.0 1.0
3 6.19 3.58 2.75 2.0 1.0
4 6.94 4.01 2.99 3.0 1.0
5 6.80 3.93 2.94 4.0 2.0
6 6.54 3.78 2.86 6.0 2.0
7 6.51 3.76 2.85 8.0 2.0
8 6.49 3.75 2.84 10.0 2.0
9 6.34 3.66 2.80 12.0 2.0
10 6.79 3.92 2.94 14.0 2.0
11 6.98 4.03 3.00 16.0 2.0
12 6.59 3.81 2.88 18.0 2.0
13 6.98 4.03 3.00 20.0 2.0
14 6.78 3.92 2.94 - 22.0 2.0
- 15 6.67 3.85 2.90 24.0 2.0
16 6.67 3.85 2.90 26.0 2.0
17 6.32 3.65 2.79 28.0 2.0
18 6.03 3.48 2.70 30.0 2.0
19 6.44 3.72 2.83 32.0 2.0
20 5.98 3.45 2.68 34.0 2.0
21 6.20 3.58 2.75 36.0 2.0
22 . 6.21 3.59 2.75 38.0 2.0
23 6.73 3.89 2.92 40.0 2.0
24 7.15 4.13 3.06 42.0 2.0
25 7.29 4.21 3.10 4.0 2.0
26 7.33 4,24 3.1 46.0 2.0
27 7.26 4.19 3.09 48.0 2.0
28 7.14 4.12 3.05 50.0 2.0
29 7.48 4.32 3.16 52.0 2.0
30 7.87 4.55 3.28 54.0 2.0
31 8.20 4.65 3.35 56.0 ®



Table 6 ~ RSON SE Back Azimuth
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Layer P-Velocity  S-Velocity  Density Depth Layer
(km/s) (km/s) (gm/cm3) to top (km)  Thickness (km)
1 5.74 3.32 2.60 0.0 1.0
2 5.64 3.26 2.57 1.0 1.0
3 6.24 3.60 2.76 2.0 2.0
4 6.30 3.64 2.78 4.0 2.0
5 6.09 3.52 2.72 6.0 2.0
6 5.94 3.43 2.67 - 8.0 2.0
7 6.17 3.57 2.74 10.0 2.0
8 6.18 3.57 2.74 12.0 2.0
9 6.41 3.70 2.82 14.0 2.0
10 6.30 3.64 2.78 16.0 2.0
11 6.36 3.67 2.80 18.0 2.0
12 6.37 3.68 2.81 20.0 2.0
13 6.31 3.64 2.79 22.0 2.0
14 6.53 3.77 2.86 24.0 2.0
15 6.71 3.87 2.91 26.0 2.0
16 6.86 3.96 2.96 28.0 2.0
17 6.71 3.87 2.91 30.0 2.0
18 6.59 3.81 2.87 32.0 2.0
19 6.87 3.97 2.97 34.0 2.0
20 7.11 4.1 3.04 36.0 2.0
21 7.08 4.09 3.03 38.0 2.0
22 7.53 4.35 3.18 40.0 2.0
23 7.59 4.38 3.20 42.0 2.0
24 8.09 4.68 3.36 44.0 2.0
25 8.06 4.66 3.3 46.0 2.0
26 7.66 4.43 3.22 48.0 2.0
27 8.03 4.64 3.34 50.0 2.0
28 8.15 4.7 3.37 52.0 2.0
29 8.39 4.85 3.45 54.0 2.0
30 8.30 4.80 3.42 56.0 2.0
31 8.28 4.78 3.42 58.0 2.0
32 8.20 4.73 3.35 60.0 -



Table 7 - RSON NW Back Azimuth
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Layer P-Velocity S-Velocity Density Depth Layer
(km/s) (km/s) gm/cm3) ___to top (km) _ Thickness (km)
1 5.12 2.96 2.41 | 0.0 1.0
2 5.57 3.22 2.55 | 1.0 1.0
3 6.25 3.61 2.77 2.0 2.0
4 6.33 3.66 2.79 4.0 2.0
5 6.27 3.62 2.77 6.0 2.0
6 6.14 3.55 2.73 8.0 2.0
7 6.12 3.54 2.73 10.0 2.0
8 6.48 3.75 2.84 12.0 2.0
9 6.23 3.60 2.76 14.0 2.0
10 6.06 3.50 2.71 16.0 2.0
n 6.60 3.81 2.88 18.0 2.0
12 6.57 3.79 2.87 20.0 2.0
13 6.74 3.89 2.92 22.0 2.0
14 6.91 3.99 2.98 24.0 2.0
15 6.42 3.7 2.82 26.0 2.0
16 6.69 3.87 2.91 . 28.0 2.0
17 6.68 3.86 2.91 . 30.0 2.0
18 7.24 4.18 3.08 32.0 2.0
19 7.00 4.05 3.01 34.0 2.0
20 6.71 3.87 2.91 36.0 2.0
21 6.90 3.99 2.98 38.0 2.0
22 7.32 4.23 3.1 40.0 2.0
23 8.10 4.68 3.36 42.0 2.0
24 8.1 4.69 3.36 4.0 2.0
25 8.24 4.76 '3.40 46.0 2.0
26 7.99 4.62 3.33 48.0 2.0
27 8.29 4.79 3.42 50.0 2.0
28 8.10 4.68 3.36 52.0 2.0
29 8.01 4.63 3.33 54.0 2.0
30 8.16 4.72 3.38 56.0 2.0
31 8.36 4.83 3.44 58.0 2.0
32 8.20 4.73 3.35 60.0 o



Table 8 - RSNT SE Back Azimuth

30

Layer P-Velocity S-Yelocity Density Depth Layer
(km/s) (km/s) (gp/cma) to top (km)  Thickness (km)
] 5.44 3.14 2.51 0.0 1.0
2 6.17 3.56 2.74 1.0 1.0
3 6.36 3.67 2.80 . 2.0 2.0
4 5.97 3.45 2.68 4.0 2.0
5 5.71 3.30 2.60 6.0 2.0
6 5.66 3.27 2.58 8.0 2.0
7 5.91 3.41 2.66 10.0 2.0
8 5.87 3.39 2.65 12.0 2.0
9 6.10 3.52 2.72 14.0 2.0
10 6.24 3.61 2.77 16.0 2.0
1 6.34 3.66 2.79 18.0 2.0
12 6.37 3.68 2.81 20.0 2.0
13 6.25 3.61 2.77 22.0 2.0
14 6.57 3.79 2.87 24.0 2.0
15 6.50 3.76 2.85 26.0 2.0
16 6.64 3.84 2.89 28.0 2.0
17 6.80 3.93 2.94 30.0 2.0
18 6.90 3.98 2.97 32.0 2.0
19 7.02 4.05 3.01 34.0 2.0
20 6.84 3.95 2.96 36.0 2.0
21 7.1 4.1 3.04 38.0 2.0
22 7.10 4.10 3.04 40.0 2.0
23 7.15 4.13 3.06 42.0 2.0
24 7.82 4.52 3.27 44.0 2.0
25 8.10 4.63 3.34 46.0 -



Table 9 - RSNT NE Back Azimuth

31

Layer P-Velocity S-Velocity Density Depth Layer
(km/s) (km/s) _igg[§m3) to top (km)  Thickness (km)
1 4.99 2.88 2.36 0.0 1.0
2 5.86 3.39 2.64 1.0 1.0
3 6.17 3.57 2.74 2.0 2.0
4 5.85 3.38 2.64 4.0 2.0
5 5.92 3.42 2.66 6.0 2.0
6 5.81 3.36 2.63 8.0 2.0
7 6.29 3.63 2.78 10.0 2.0
8 6.08 3.51 2.1 12.0 2.0
9 6.42 3.71 2.82 14.0 2.0
10 6.44 3.72 2.83 16.0 2.0
11 6.19 3.57 2.75 18.0 2.0
12 6.46 3.73 2.83 20.0 2.0
13 6.32 3.65 2.79 22.0 2.0
14 6.37 3.68 2.81 24.0 2.0
15 6.37 3.68 2.81 26.0 2.0
16 6.41 3.70 2.82 28.0 2.0
17 6.83 3.95 2.95 30.0 2.0
18 7.00 4.05 3.01 32.0 2.0
19 6.99 4.04 3.00 34.0 2.0
20 7.36 4.25 3.12 36.0 2.0
21 7.55 4.36 3.18 38.0 2.0
22 7.67 4.43 3.22 40.0 2.0
23 7.70 4.45 3.23 42.0 2.0
24 8.00 4.62 3.33 44,0 2.0
25 8.10 4,63 3.34 46.0 -
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Table 10 - RSNT NW Back Azimuth - Distance Range 75 to 90°

Layer P-Velocity S-Velocity Density Depth Layer
(km/s) (km/s) (gm/cm3) to top (km)  Thickness (km)
1 5.33 3.08 2.47 0.0 1.0
2 5.99 3.46 2.68 1.0 1.0
3 6.46 3.73 2.83 2.0 2.0
4 6.38 3.69 2.81 4.0 2.0
5 6.41 3.70 2.82 6.0 2.0
6 6.03 3.48 2.70 8.0 2.0
7 5.88 3.40 2.65 10.0 2.0
8 6.08 3.51 2.7 12.0 2.0
9 5.94 3.43 2.67 14.0 2.0
10 6.23 3.60 - 2.76 16.0 2.0
n 6.28 3.63 2.78 18.0 2.0
12 6.37 3.68 2.81 20.0 2.0
13 6.26 - 3.61 2.77 22.0 2.0
14 6.33 3.66 2.79 24.0 2.0
15 6.20 3.58 2.75 26.0 2.0
16 6.42 3.71 2.82 28.0 2.0
17 6.94 4.01 2.99 30.0 2.0
18 7.01 4.05 3.01 32.0 2.0
19 7.24 4.18 3.08 34.0. 2.0
20 7.54 4.36 3.18 36.0 2.0
21 7.7 4.46 3.24 38.0 2.0
22 7.90 4.57 3.30 40.0 2.0
23 8.09 4.68 3.36 42.0 2.0
24 7.86 4.54 3.28 44.0 2.0
25 8.10 4.63 46.0 -

3.4
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Table 11 - RSNT NW Back Azimuth - Distance Range 61 to 71°

Layer P-Velocity S-Velocity Density Depth Layer
(km/s) (km/s) jgp/cm3) to top (km)  Thickness (km)
1 5.16 2.98 2.42 0.0 1.0
2 6.12 3.53 2.72 1.0 1.0
3 6.41 3.7 2.82 2.0 2.0
4 6.34 3.66 2.79 4.0 2.0
5 6.56 3.79 2.87 6.0 2.0
6 6.22 3.59 2.76 8.0 2.0
7 5.94 3.43 2.67 10.0 2.0
8 5.84 3.37 2.64 12.0 2.0
9 5.83 3.37 2.63 14.0 2.0
10 6.20 3.58 2.75 16.0 2.0
1 6.32 3.65 2.79 18.0 2.0
12 6.29 3.63 2.78 20.0 2.0
13 6.02 3.48 2.69 - 22.0 2.0
14 6.20 3.58 2.75 24.0 2.0
15 6.13 3.54 - 2.713 26.0 2.0
16 6.13 3.54 2.73 28.0 2.0
17 6.57 3.79 2.87 30.0 2.0
18 6.68 3.86 2.90 32.0 2.0
19 7.07 4.08 3.03 34.0 2.0
20 1.78 4.49 3.26 36.0 2.0
21 8.00 4.62 3.33 38.0 2.0
22 8.04 4.65 3.34 40.0 2.0
23 1.717 4.49 3.25 42.0 2.0
24 7.87 4.55 3.28 44.0 2.0
25 8.10 4.63 3.34 46.0 -
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REGIONAL SEISMIC TEST NETWORK

CUMBERLAND PLATEAU STATION (RSCP)
35°36'00"N. LAT.  85°34'08"W. LONG.

MISSISSIPPIAN

Q

Sandstone, buff, very fine - medium grained

Limestons, Sandy, grey

Sandstone, grey fo white, fine to medium
grained, iron stained zones

Thin Coal stringers

150- Sandstone, red brown fo white, very fine
grained, slightly calcareous
t
i
200
Shale, sandy shale, grey o red
250

e Limestone, dark grey, massive, fossiliferous

Shale, Limey mudstone, dark grey

Limestone, dark grey, crystalline, massive

F - Silty Shale, rad to grey, pyrite inclusions
400-=< .zl TD.400'
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REGIONAL SEISMIC TEST NETWORK

BLACK HILLS STATION(RSSD)
44°07T'|4"N. Lat. 104°02'10"W.Long.

GEOLOGIC DESCRIPTION CALIPER LOG DENSITY LOG

50— VOID | Voids-Recrystalized Calcite 8- w; F

Limestons, butf, minor grey, microcrystaline °
. 00— 00—

Mississippion

150 1501—— 150
Limestona, light grey to reddish, microcrystaline '
)
200 200— 200—
250— 2500—

3001—
| Limestone, buff, detrital (bedded )
Core attempted 315-335
~t foot recovery
— 35055 350—

o] Limestone, red, massive, microcrystaline

O Sesmic package 350-370 ft.

T e |
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AZIMUTHAL VARIATION OF P-WAVEFORMS
IN THE BLACK HILLS REGION
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REGIONAL SEISMIC TEST NETWORK

NEW YORK STATION (RSNY)
44°32'53"N. Lat. 74°31'47"W Long.

GEOLOGIC DESCRIPTION SONIC LOG DENSITY LOG

o
(=]

100

<
\;\\\\\5

AN

150+

Glacial deposits, loass gravel, unconsolidated
Sand and Silt water saturated, coarse near bottom
50 +— 80—
100 — 100—
Pyroxene Syenitic gnsiss (charnackite), green
150 — 50—
' 200 — 200—
iShear Zones
5 7/ Syenitic gneiss, light gresn, interiayered zones
. 4 of granite gneiss, pink
250 |— 250—
Pyroxene Syenitic gneiss, light to medium green,
minor magnetite 300 — 300+—
Core inferval 315-335
350 — Bor—
T. D.385'

|

400 a0l o« . . | RN W N W N U B I B

860 TO €60 80 40 00 250
AT p(B)
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REGIONAL SEISMIC TEST NETWORK

RED LAKE, ONTARIO STATION (RSON)
50°31'32°N. Lot 93°42'08"W, Lang.

GEOLOGIC DESCRIPTION SONIC LOG o DENSITY LOG
0 P AU

Glacml deposits, Sandstons, minor gravel

Granitic fo dioritic gnelss rocks, interiayered

100~-r=5it.| Lomprophyre Dike, possible fractures |oo:'—- 100

Interiayered granite, grancdiorite, diorite

Granite gneiss, grey, medium fo coarse 200~
grain, Porphyritic zones H

s -
NN

250~ - .| Granodiorite, dark, probably gneissic 250

Granite ond gronodiorite, Pegmatite dikes
3004 o 300}
S| Seismic package 327-347 1.

ore interval 320 -34711.

3so|-
Granite gnelss, light grey, Pegmatite dikes,
some fractures, trace pyrite

{ T.0391

400
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GEOLOGIC DESCRIPTION
Glacigt Deposits

Biohite gronite, pink, medium grain
Lamprophyrs Dike

Granodiorite, mediym to coarsa grain,
some Pegmatitic zonas

Biatite granite, pink,madium to coorse grain

50— ~<| Frocture Zone

Biotite granite, pink, medium fo coarse groin

L]
300— . Granodiorite, slightly Pegmatitic
- Fracturs Zone

Cors Intervol 316-342 #1.

Biohite granite, pink,slightly Pegmatitic
Lomprophyre Dike

Sessmic pachage 350-370 ft

! I 10 a09

REGIONAL SEISMIC TEST NETWORK

YELLOWKNIFE STATION (RSNT)
62°28'47"N.Lat 114°35'30"W Long.
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